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Abstract 
A Deoxyribonucleic Acid (DNA) microarray is a collection of microscopic DNA spots attached to a solid surface, 
such as glass, plastic or silicon chip forming an array. The analysis of DNA microarray images allows the 
identification of gene expressions to draw biological conclusions for applications ranging from genetic profiling to 
diagnosis of cancer. The DNA microarray image analysis includes three tasks: gridding, segmentation and intensity 
extraction. During the processing of microarray images, the irregularities of spot position and shape could generate 
significant errors. This paper presents an edge detection method using Bi-dimensional Empirical Mode 
Decomposition. Application of edge detection technology on separating spots form the background decreases the 
probability of errors and gives more accurate information about the states of spots. The proposed method identifies the 
spots with low density, thus increasing the performance of microarray images.  
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1. Introduction 
Microarrays, widely recognized as the next revolution in molecular biology, enable scientists to analyze 
genes, proteins and other biological molecules on a genomic scale [1]. A microarray is a collection of 
spots containing DNA deposited on the solid surface of glass slide. Each of the spot contains multiple 
copies of single DNA sequence [2]. Microarray expression technology helps in the monitoring of gene 
expression for tens and thousands of genes in parallel [3].  
The processing of the microarray images [4] usually consists of the following three steps: (i) gridding, 
which is the process of segmenting the microarray image into compartments, each compartment having 
only one spot and background (ii) Segmentation, which is the process of segmenting each compartment 
into one spot and its background area (iii) Intensity extraction, which calculates red and green foreground 
intensity pairs and background intensities. 
During processing of microarray images, irregularities of spot position and shape could generate 
significant errors: small regions of signal spots can be mis-included into background area and vice versa 
[7]. We can eliminate such obstacles by sensing the edges of the spots. In this paper we present an edge 
detection method using bi-dimensional empirical mode decomposition. Application of edge detection 
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technology on separating spots from the background identifies the location of good quality spots [8].  A 
good quality spot should be circular in shape, with intensity consistently higher than the background. After 
the good quality spots are found, the correct grid can be generated. This paper is organized as follows: 
Section II presents Empirical Mode Decomposition, Section III presents, Edge Detection of Microarray 
image, Section IV presents Experimental results, and finally Section V reports conclusion. 
 
2. Bi-Dimensional Empirical Mode Decomposition 
 
The EMD proposed by Dr. Norden Huang [5], was a technique for analyzing nonlinear and non-
stationary signals. It serves as an alternative to methods such as wavelet analysis and short-time Fourier 
transform. It decomposes any complicated signal into a finite and often small number of Bi-dimensional 
Intrinsic Mode Functions (IMF). The IMF is symmetric with respect to local zero mean and satisfies the 
following two conditions. 
1. The number of extrema and the number of zero crossings must either be equal or differ by one. 
2. At any point, the mean value of the envelope defined by local maxima and local minima is zero, 
indicating the function is locally symmetric. 
The decomposition method in EMD is called Shifting Process. The shifting process of the two- 
dimensional signal such as image can be adapted from the one-dimensional signal as follows. 
1. Let Ioriginal is defined as an image to be decomposed. Let j=1 (index number of IMF), I= Ioriginal 
(the residue). 
2. Identify the local maxima and local minima points in I.  
3. By using interpolation, create the upper envelope Eup of local maxima and the lower envelope Elw 
of local minima. 
4. Compute the mean of the upper envelope and lower envelope.  
Emean= [Eup + Elw]/2 
5. Iimf = I- Emean. 
6. Repeat steps 2-5 until Iimf can be considered as an IMF. 
7. IMF(j)= Iimf, j=j+1, I = I- Iimf , 
8. Repeat steps 2-7 until all the standard deviation of two consecutive IMFs is less than a predefined 
threshold or the number of extrema in I is less than two.  
 
The first few IMFs obtained from BEMD contain the high frequency components which correspond to 
salient features in original image and the residue represents low frequency component in the image. The 
IMFs of the microarray image is shown in figure 1. The original image can be recovered by inverse 
BEMD as follows:  
I = RES+ ¦
j
jIMF )(  
Original Microarray Image 
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Figure 1: IMF of microarray image 
 
3.  Microarray Image Spot Edge Detection 
 
In this section, a new spot edge detection of microarray image will be presented using Intrinsic Mode 
Functions (IMF). The first IMF contains sufficient edge information and gradually reduced in the next 
IMFs. If the contrast of the edge characterization in the original microarray image is low, the quality of the 
edges extracted by the first IMF will be poor. The quality of the spot edges can be improved by applying 
Bi Histogram Equalization (BHE) [6] to the original image prior to the computation of BEMD.  
Consider a digital image with gray levels in the range [0, L-1]. The Probability Density Function and 
the Cumulative Distribution Function (CBF) of the image is calculated as  
 
 P(rk) = nk/N  k=0,1,2,…,L-1.                                                                         (1) 
C(rk)= ¦
 
k
i 0
 P(rk)  k=0,1,2,….,L-1  and 0   C(rk)  1                                  (2) 
Where rk is the kth gray level in the image and nk is the number of pixels in the image having gray level rk .  
Bi Histogram Equalization is considered as an improved histogram equalization method for contrast 
enhancement. BHE first finds average gray level point in histogram of the image and then divides 
histogram to two segments based on this point. After that histogram equalization operation is applied on 
each segment. There are two cumulative distribution functions for two segments. 
Let L1 is the average of gray levels of the histogram and is computed as  
L1= ¦

 
1
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k
 P(rk) *(rk)  .                                                                                  (3)                                
The gray level (rk) under and above the average point are pointed to a new gray level Gk as it can be seen 
below 
 
               Under the average Gray level point Above the average Gray level point 
 
Gk = (L1) * C1(rk) 
C1(rk)= (¦
 
k
i 0
ni ) / (¦
 
1
0
L
j
nj) 
Where k=0,1,2,… L1 
 
 
Gk = (L-1-L1) * C1(rk) + L1 
C1(rk)= ( ¦
 
k
i L 11
ni ) / ( ¦

 
1
1
1
L
j L
nj) 
Where k= L1+1 ,… L-1 
 
 
After increasing the contrast of the microarray image using BHE, apply Bi-Dimensional Empirical 
Mode Decomposition to the processed image to get the first IMF. At this point, a suitable threshold was 
determined to convert the gray level values of the IMF image into black and white image so that the edge 
image can be extracted. The obtained edge image has the thick edge lines and some interior isolated 
230   J. Harikiran et al. /  Procedia Technology  4 ( 2012 )  227 – 231 
pixels. The presented method uses the mathematical morphology to replace thick lines with thin lines and 
removing isolated pixels in the image. At last, the final spot edge image is obtained.  
The main steps of the edge detection using BEMD are summed up as follows: 
1. The Original Microarray image is processed by Bi Histogram Equalization, and then an image 
with sharper contrast is obtained. 
2. Apply BEMD to get the first IMF. 
3. Suitable thresholds T1 and T2 are chosen to convert the gray level values of the first IMF image 
into black and white image so that the edge image can be extracted. 
                   0    T1 IMF(x,y)  T2 
   I(x,y) =    
                  1      else                                                                             (4) 
4. The obtained edge image has thick edge lines and isolated pixels. 
5. Perform Mathematical Morphology operations on the resulting image to remove isolated pixels 
and to replace thick lines with thin lines. 
6. The ultimate spot edge image is obtained. 
 
4. Experimental Results 
In this section, the proposed method is used to detect the edge of microarray image. Spot edge detection 
steps of the microarray image processing are performed on a sample microarray slide that has 48 blocks, 
each block consisting of 110 spots. A sample block has been chosen and 36 spots of the block have been 
cropped for simplicity. The sample image is a 198*196 pixel image that consists of a total of 38808 pixels. 
The RGB colour image microarray image have been converted to gray scale image to specify a single 
intensity value that varies from the darkest (0) to the brightest (255) for each pixel. 
The edge detection results of microarray image are presented in figure 2. Suitable thresholds of pixel 
values -75 and -42 were determined through BEMD, to convert a gray scale 1st IMF image into black and 
white image. After performing mathematical morphology operations for removal of isolated points and to 
replace thin lines with thick lines on the black and white image, the final spot edge image is obtained. 
 
5. Conclusion 
 
In this paper, we presented an edge detection of Microarray images using BEMD.  The proposed edge 
detection technology on separating spots from the background decreases the probability of errors and 
gives more accurate information about the spots such as pixel number, degree of fragmentation, width and 
height of the spot, and circumference of the spot. The method is highly adaptive and preserves most of the 
edge information needed for detection. The proposed method identifies the spots with low density, thus 
increasing the performance of microarray images. The edge information obtained using BEMD is better 
than Sobel and Prewitt operators.  
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Figure 2: Edge detection of microarray image
